identified by cytology and culture, 44 (34%) were identified by culture only, and 22 (17%) were identified by cytology only. Among the 67 cases of fungi, 34 (51%) were identified by cytology only, with 15 of these 34 cases being fungal hyphae; 25 cases (37%) were identified by cytology and culture, with a 100% concordance between the cytology diagnosis and culture result; and 8 cases (12%) were identified by culture only. CONCLUSIONS: FNA cytology-culture correlation is a valuable tool with which to assess the efficacy and limitations of the direct diagnosis of infectious agents, and to identify types of infections that may be negative on culture but positive on cytology diagnosis. Cancer (Cancer Cytopathol) 2015;123:612-9.
INTRODUCTION
The use of fine-needle aspiration (FNA) biopsy for the diagnosis of infectious disease has been reported since the late 19th century. In 1883, Leyden described the use of transthoracic aspiration biopsy for the diagnosis of bacterial pneumonia. 1 Later, in 1904, Grieg and Gray used needle aspiration of lymph nodes for the diagnosis of African trypanosomiasis, 2 and in 1921, Guthrie identified cases of syphilis and tuberculosis using lymph node aspirations. 3 Recently, the use of FNA for the diagnosis of infections has been amplified, parallel to the increasing need for the rapid diagnosis of opportunistic infectious diseases in immunocompromised patients. 4 FNA is a safe, minimally invasive procedure that allows for triage into infectious/inflammatory versus neoplastic categories by rapid onsite evaluation (ROSE). In addition, FNA can provide material for microbiologic culture. Culture is considered the gold standard for the diagnosis of infections. However, in some cases, days to weeks are required for the recovery and identification of the pathogen by culture. Occasionally, cultures prove negative and cytomorphologic diagnosis of the infectious pathogen provides the only means for presumptive diagnosis and appropriate therapy. At the study institution, FNA of palpable lesions is usually performed by a cytopathologist. FNA of deep-seated or nonpalpable lesions is performed by an interventional radiologist under ultrasound or computed tomography guidance. In both instances, ROSE is performed to provide a preliminary classification of the disease and predict the need for ancillary studies. When microorganisms and/or purulent exudate, granuloma, amorphous, caseous-type necrosis, and diffuse histiocytic exudate are noted, dedicated FNA passes are made for culture. Aspirates for bacterial cultures are submitted either in blood culture bottles (preferred by the pathologists at the study institution) or in vials appropriate for aerobic and anaerobic cultures. Aspirated material, with or without a sterile saline rinse, is placed in a sterile container for mycobacterial and fungal cultures.
In the current study, we report a 14-year review of FNA specimens from infectious or inflammatory conditions in which FNA material was submitted for both cytological examination and microbial culture. The FNA cytology diagnoses and culture results were correlated to assess the efficacy and limitations of the direct diagnosis of infectious agents and to identify types of infections that may be culture negative and cytology diagnosis positive.
MATERIALS AND METHODS
At the study institution, since 1996, FNA cytology diagnoses and corresponding microbial culture results have been kept in computer databases along with data correlating FNA diagnoses with surgical resections. An example of part of a database is illustrated in Table 1 . Accession numbers of cytology specimens and microbiology samples (both of which are recorded in the actual databases) and cytology-histology data have been omitted. The databases were constructed by querying the computerized laboratory information system to obtain FNA diagnoses. In cases in which the diagnosis indicated the identification of an infectious organism or inflammatory condition, either the laboratory information system or the electronic medical record were used to obtain the results of microbial cultures performed from material obtained from the same FNA sample. Cases in which both the FNA cytological diagnosis and corresponding culture results were available for the years 1996 through 2007 and 2010 through 2011 were analyzed. The years of 2008 and 2009 were not included because of microbiology laboratory restrictions caused by Hurricane Ike. Databases included accession numbers of all positive cultures. In this manner, one could determine whether bacterial cultures were grown from a sample submitted fresh or in blood culture bottles (BAC-TEC; Becton, Dickinson and Company, Franklin Lakes, NJ). Microbe identification was determined by the microbiology laboratory via microscopic (Gram stain, Kinyoun stain, or Auramine O stain), macroscopic (observations on plated culture media), and biochemical testing.
Cases with microorganisms identified by cytology only, culture only, or both cytology and culture were assigned to 1 of 4 categories: bacteria, Actinomycetales, mycobacteria, or fungi. Actinomycetales, although a subset of bacteria, was considered separately due to its characteristic morphology. Included were the genera Actinomyces, Nocardia, and Rhodococcus. Routine cytology stains include Romanowsky and Papanicolaou. At least 1 special stain was performed for the majority of FNA samples in which microorganisms were cytologically identified. Special stains for the diagnosis of infectious agents performed in the cytopathology laboratory include the Because of the habitual use of blood culture bottles for pathologistperformed FNAs only, the majority of FNA samples were submitted for culture in sterile cups and anaerobic transport media. These findings suggest that both methods are effective, in that a similar spectrum of bacteria was cultured from each.
Actinomycetales were identified in 16 cases: 8 (50%) by culture and cytology (6 Nocardia, 1 Rhodococcus, and 1 Actinomyces), 5 (31%) by culture only (4 Actinomyces and 1 Nocardia), and 3 (19%) by cytology only (3 Actinomyces). Among the 8 cases identified by cytology and culture, the cytology-culture correlation was excellent. It should be noted that Nocardia spp. and Mycobacterium fortuitum complex have morphologic features that cannot be distinguished by direct examination alone, although the clinical findings do allow one to favor one or the other. Both are long, beaded, and branching acid-fast bacilli (Fig. 1) , and often colorize preferentially with modified acid-fast stains. The reports favor Nocardia or M. fortuitum complex based on the clinical setting, and this differential is discussed in the report comment. Nocardia has generally been isolated from the FNA sample in patients who have undergone transplantation and developed pneumonia, whereas M. fortuitum complex is more commonly isolated from patients with the acquired immunodeficiency syndrome with lymphadenopathy at the study institution.
Mycobacteria were identified in 129 samples: 63 (49%) by culture and cytology, 44 (34 %) by culture only, and 22 (17%) by cytology only. Therefore, of the 85 cases in which acid-fast bacilli were observed on the smear, culture was positive in 63 cases (74%). The 44 cases in which no organism was observed in the cytology preparations were classified by the predominant inflammatory pattern, with granuloma being the most frequent pattern (Table 3 ). There was an interesting cytology-culture discrepancy noted in one case that is illustrated in Figure 2 . This figure depicts the findings of an FNA from the supraclavicular lymph node in a 20-year old patient who was positive for the human immunodeficiency virus (HIV) who presented with lymphadenitis. Numerous budding yeasts, morphologically consistent with Cryptococcus, were identified in cytology smears. Although budding yeasts were also observed in the mycology laboratory wet preparation, culture was negative for fungi. However, mycobacterial culture was found to be positive for M. avium complex. This patient had a positive blood culture for Cryptococcus neoformans 1 year before undergoing FNA and, at the time the FNA was performed, her CD4 T-cell counts had been increasing. Retrospectively, we suspect that patient had cryptococcal immune reconstitution inflammatory syndrome, which involves reconstitution of T-cell immunity with improvement in CD4 T-cell counts after therapy for HIV and the development of an inflammatory response to microbial antigens, either as intact or dead organisms. 5 A summary of the fungal culture findings is shown in Table 4 . Among the 67 cases in the fungi category, 34 (51%) were diagnosed by cytology only, and 15 of these 34 cases were mycelial fungi. The positive culture rate for yeast-like fungi noted on cytology was much higher (58%) than for mycelial fungi (0%). Mycelial fungi were categorized as Zygomycetes (3 cases) and nonZygomycetes (12 cases) based on the morphologic characteristics of their hyphae. Usually, these 2 fungal categories can be readily distinguished in Papanicolaou-stained cytology slides because of the dense, often yellow-brown, staining of Zygomycetes compared with other hyphal fungi and the thickness of cytologic preparations that allow one to observe more of the hyphal fragments (Fig. 3) . In thin histologic sections, this may be problematic. For non-Zygomycetes cytological diagnoses, a descriptive interpretation rather than a specific organism is generally reported. For example, "fungal hyphae" or "fungus ball" alone is reported, usually with a comment.
Fusarium and other fungi with septate hyphae have a similar appearance in tissue samples. Identification to the genus or species level can only be achieved when conidiation (fruiting head formation) is present. There were 25 cases (37%) diagnosed by culture and cytology, all of which were yeast-like organisms, with 100% concordance between the cytology diagnosis and culture result. Eight cases (12%) were identified by culture only.
DISCUSSION
FNA is a well-established diagnostic procedure that can be used for the diagnosis of both neoplasms and infectious diseases. 4 An aliquot of the FNA material should be submitted for microbiologic culture confirmation after rapid on-site identification of microorganisms or inflammatory reactions. Although a dedicated pass for culture is recommended, one can pool aliquots of aseptically obtained needle passes that have been triaged by ROSE to ensure the best material is submitted for culture. Correlation of cytopathology diagnoses with culture results and close communication with microbiology personnel are valuable tools for patient care, education, and quality control purposes. Not only should the submission of FNA samples from suspected infections be routine, but there should be a "culture" of close communication between microbiology laboratory professionals and the cytopathologists.
Microbiologists can provide important feedback regarding methods for collection and submission to the laboratory. Similarly, the cytopathologist can guide laboratory procedures based on what type of organisms are suspected. For example, when organisms morphologically consistent with Actinomyces species are found, the microbiologists are informed of the suspicion, and the anaerobic culture is held for a minimum of 1 week.
To the best of our knowledge, the current study is the largest study to date correlating FNA cytological diagnoses and microbiologic culture results, with 770 cases analyzed. The current study was limited because it was based on data gathered over a long period of time with diagnoses by different pathologists, and changes in culture techniques that may have occurred. In addition, chart review to determine causes of cytology-positive/culturenegative cases was not performed. Nevertheless, we believe that important information was gleaned from this analysis, as discussed below.
The spectrum of aerobic and anaerobic organisms isolated from samples submitted in blood culture bottles was similar to that of samples submitted in sterile cups and anaerobic transport media. Direct inoculation into blood culture bottles is preferred by the pathologists at the study institution because it is easy and immediately places material in culture media. Others have found blood culture bottles comparable to conventional methods for the culture of sterile body fluids. 6, 7 Although there are pitfalls in the morphologic diagnosis of fungal pathogens by histology and cytology, 8 we found a high degree of concurrence (100%) between Cultures were all negative in cases in which hyphal fungi were noted on cytology. Others have noted this finding and questioned the usefulness and costeffectiveness of fungal culture in FNA specimens because fungi were often identified by morphology and special stains. 14, 15 Lack of sporulation because of conditions such as the presence of nonviable fungus balls and traumatization of cultured material during processing may contribute to poor culture results. 16 We believe that attempting to culture organisms is warranted when fungal hyphae are identified during ROSE because mycelial fungi lacking fruiting heads cannot be identified to the genus level on the basis of morphology whereas cultures occasionally will be productive. We have isolated significant mycelial fungal pathogens from non-FNA respiratory sites. The use of immunohistochemistry and molecular techniques may be able to compensate for culture insensitivity if these techniques become more specific and widely available. We typically use cytomorphology to distinguish Zygomycetes (mucormycosis agents) from non-Zygomycetes and use the clinical and radiologic findings to describe the likely type of infection (ie, fungus ball, chronic necrotizing, or disseminated infection).
The direct identification of acid-fast bacilli can be very useful to clinicians while they await culture results. Based on our experience, the use of FNA smears or cytospin preparations is superior to cell block or core needle biopsies for the identification of mycobacteria. On occasion, simply letting the clinician know that mycobacteria are present is valuable in that it eliminates (or greatly reduces) the probability of neoplasia or other types of infection. We rely on the clinical microbiology laboratory to verify our results, but because sampling discrepancies exist, we do not believe that all special stains should be deferred to the clinical microbiology laboratory. Teamwork and the communication of results is recommended. Culture is of course of primary importance for determining the antimicrobial sensitivity of bacteria and mycobacteria.
Using clinical information, a modified acid-fast stain, and morphology, the accuracy for diagnosing infections with actinomycetes can be very good. Rhodococcus pulmonary or soft tissue infection is suspected on the basis of clinical information (usually immunosuppression in our population), the presence of gram-positive coccobacilli with narrow capsules, and occasionally weak acid-fast staining with modified acid-fast stain. Pulmonary and mediastinal infections are often characterized by malakoplakia, in which foamy macrophages and occasional Michaelis-Gutmann bodies are seen. 17 Actinomyces species usually can be distinguished from Nocardia infections using a combination of clinical information, morphology, and modified acid-fast stain. In the United States, actinomycosis is often associated with mycetoma formation, and the granules of bacteria, occasionally with presence of a Splendore-Hoeppli reaction, can be noted in Papanicolaou-stained slides. Gram or Weigert-Gram stains and modified acid-fast stains also are helpful. It should be noted that Actinomyces are often associated with a mixture of both other anaerobic and facultative bacteria that may overgrow them in culture. The growth of other organisms does not exclude actinomycosis. We habitually tell our microbiology colleagues to hold anaerobic cultures for Actinomyces. Communication, along with a dedicated microbiology technologist, can lead to very favorable results. Nocardia infections in immunosuppressed patients in the United States (Nocardia mycetomas are common in some other parts of the world) usually lack granules and are accompanied by necrotizing purulent inflammation. Modified acid-fast stain is useful for
Original Article distinguishing Nocardia from Actinomyces, but its distinction from M. fortuitum complex is not always possible. A clinical history of immunosuppressive therapy for patients with a history of transplantation and necrotizing pneumonia favor Nocardia, whereas HIV infection and lymphadenopathy favor M. fortuitum. Many years ago, we first recognized M. fortuitum as a cause of lymphadenitis in patients with HIV by correlating our misinterpretation of Nocardia infection with the culture results.
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FNA cytology-culture correlation adds to our knowledge of the efficacy and limitations of both cytomorphology and culture. Among the information gleaned from the current study data are: 1) confirmation by culture is high for bacteria (83%) and mycobacterial (74%) pathogens visualized by cytologic evaluation but is poor (0%) for hyphal fungi such as Aspergillus and Zygomycetes (cytology-microbiology correlation for yeast-like fungi is excellent in immunosuppressed patients); 2) blood culture bottles and standard transport media appear to be equivalent for bacterial culture; 3) the limitations of culture indicate the need to explore molecular methods for the diagnosis of infectious diseases; and 4) communication and collaboration between members of the cytopathology and microbiology divisions is essential and teamwork and the correlation of results should be practiced.
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